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This. invention relates to electric Switches of 
thé thérmally actuaed type and more particu- 
larly to switches of this type which include there- 
in a condueting liquid Sueh as mercury. 
In gaS furnaces and thé like there is need for 
safet apparats to detect failure of thé pilot 
flame to.prevent possible explosive damage due to 
thé présenceof uninited fuel in thé furnace in 
he eventlofsueh a failure. In général if is dé- 
sirable fO.. employ Lelectrical switching devices, 
actùatedbytemperatures responsive to thé pres- 
6nce or absence of thé pilot flame, fo actuate 
warng devices or.fo, effect shut-off of thé fuel 
supplY through suitable valve devices. Switching 
device employed for this purpose preferably have 
re!atiely .rapid response and at thé same rime 
eapacity to. switch appréciable electrical loads. 
In addïti6n, thé switching éléments are,preferably 
hermetically sealed fo prevent open sparking with 
accompanying..danger of explosion. If is, of 
course, essential that switches employed as safety 
devices possess a high degree of reliability. 
If iS a général object of thé présent invention 
fo provide a new and improved thermally actu- 
ated Switch Which is particularly useful as 
saftyswitch ïn gas furnaces and thé like, 
though hot limited to such applications, and 
whi6h includes thé above-mentioned and other 
désirable features. 
In ac6rdance with thé invention, a small por- 
tion of a 60nductive liquid, such as mercury, con- 
fmed in.à clbed system is Subjécted fo relatively 
high,o .èlatively low temperatures due fo the 
présence or absence, respectively, of a flame or the 
like in the vicinity of the liquid. Af tempera- 
 tures above the vaporization temperature of the 
liquid, a portion of the exposed liquid is vaporized. 
The vapor pressure thus created forces the liquid 
into contäct with a switching, electrode, thereby 
f0rming a conductive path therebetween and ef- 
fecting a switChilg operation. Upon cooling, thé 
heated Vapor is condensed fo a liquid and thé 
pressure, of an inert gas, also conflned in thé 
elosed system, forces thé liquid out of contact 
with thé switching électrode, thereby interruPt- 
ingthe conductive path therebetween and effect- 
ing a switching opération opposite in sensé -to 
thé opération previously effected. 
Thé invention will bé botter understood by 
reerence fo thé following description taken in 
COllection with thé accompanying drawing, and 
 thefeatues of thé invention believed fo bé novel 
wiil bé potin{éd out in thé appended claires. In 
the drawing Fg. 1 shows an embodiment of a 
thermally, aCtuated switch constructed in accord- 
ance, with thé invention; Fig« 2 is a cross-section 
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taken along the line 2--2 of Fig. 1; Fig. 3 is a 
pressure-temperature characteristic graph of the 
liquid in the tube of the switch; and Fig. 4 ts a 
sehematic diagram of a thermostatic eontrol 
 paratus ineluding a device of the type shown in 
Figs. 1 and 2. 
leferring now fo Fig. 1, there is shown a 
thermally actuated switch |, arranged fo detect 
thé présence or absence of a pflCt .flame 2 from 
10 a burner . Burner - is supplied with suitable 
fuel, suchas gas', through a supply tube . For 
convenience, a body member  is provided which 
serves-as thé supporting structure for switch 
burner - and tube . More particularly, an in- 
15 ternal passageway  is provided in thé lowér por- 
tion  of. body  for conducting gas from tube 
to burner . Tube  is secured, as by brazing, 
fo portion  af thé lower end of passage  and 
burner  is secured in portion  af thé upper end 
0 of passage . Burner . is shown as being screwed 
fo portion ] by tapered threads $ fo permit case 
of replacement o£ burner -% .A suitable opening 
9 is provided af thé lower extremity of burner 
fo adroit air for combustion. A plurality of open- 
 ings |0 are provided af thé upper extremity of 
burner - fo permit escape of thé combustible air- 
gas mixture fo form flame 2. 
A body member |! is provided fo form thé 
main supporting structure for thé éléments of 
30 switch |. !Ylember ! ! is secured to an upwdrdly 
extending portion |2 of body  by  pair of bolts 
| and nuts |. As may bé séen by référence to 
Fig. 2, body || is divided, into two separate por- 
tions ||a and ||b along a surface |, portions 
35 ||a and ||b being secured together by pairs of 
bolts !  and nuts ! L Portions ! ! a and ! | b may 
conveniently bé formed of a molded material of 
a type suitable for thé temperatures encountered 
in thé vicinity of switch |. A relatively small 
40 bulb |, prefeably formed of glass, is positioned 
in a cavity  in body ||. A capillary tube 
preîerably formed of an e]ectrically conductiVe 
material such as métal, is securel in bulb |$ at 
thé lower end thereof, thé extremity 2!-of tube 
45 20 being positioned af substantially thé longitudi- 
nal midpoint of bulb ! , as shown in Fig. 2. Tube 
20 which is generally, U-shaped, is positioned, in 
a récessed portion 22 of body | ! so that thé other 
extremity 2 of tube 20 is positioned at thé uppe 
50 .portion of body ! |. A second bulb 24,. formed 
a material suitable for use in thé (ieinity of 
flame 2, is secured o extremitF 2 of tube 20. 
Bulb 2 may conveniently-bé in thé form.of a 
flattened tube, oné of thé fiat surfaces thereof 
55 being exposed fo flame2. 
An électrode 2Sis secured.in thé upper extrem- 



ity of bulb 90. Bulb 24 and tube 20 are com- 
pletely filled with mercury 20 which extends into 
bulb 90 so that the level of the mercury 20 therein 
is between extremity 29 of tube 20 and the lower 
extremity 27 of electrode 25. The volume of bulb 
90 above mercury 20 is charged with an inert gas 
28, such as nitrogen, which may conveniently be 
at atmospheric pressure. Thé system of vessels 
comprising bulb 90, tube 20 and bulb 24 is sealed 
to prevent escape of gas therefrom. A window 
20 is provided in body 99 fo permit viewing the 
level of mercury 20 in bulb |0. A flexible lead 
3{} is cormected between electrode 25 and a pair 
of electrically cormected screws 3 of insulating 
terminal block 32 secured to body 99. Tube 20 
serres as the other electrode of the switch through 
contact with mercury 25. A flexible lead 33 is 
connected between tube 20 and electrically con- 
nected screws 34 on terminal block 32. Screws 
3 and 34 are provided as external connections of 
switch 9. 
The operation of switch 9 is as follows. Af 
relatively low temperatures meroury 20 is caused 
to flll tube 2{} and bulb 24 by the pressure of 
gas 20. Under this condition, which exists when 
pilot flame 2 is not lighted, mercury 25 does hot 
contact electrode 25 and switch 9 is open. When 
pilot flame 2 is lighted, bulb 24 is heated thereby 
to a relatively high temperature. Bulb 24 is con- 
structed with a large surface area exposed to the 
flame so that heat from the flame is quickly 
transferred to the relatively small amount of 
mercury therein. The volume of mercury in bulb 
.î4 is small compared to the volume of mercury in 
the relatively cool tube 20 and bulb |0 so that 
little heat is transferred to the mercury therein. 
The mercury level in bulb 90 vs. mercury tem- 
perature in bulb 24 is shown in Fig. 3 by a curve. 
Initially, at relatively low temperatures, when 
liquid mercury is present in bulb 24, expansion of 
the liquid mercury occurs as the temperature 
thereof is increased. This expansion slightly 
ralses the level of the mercury in bulb |0 as 
shown by leg 43 of the graph. Af the vaporiza- 
tion temperature 44 of the mercury under the 
inert gas pressure in bulb 90, vaporization of 
some of the mercury in bulb 24 takes place caus- 
ing a substantial increase in mercury level in 
bulb 90. Since the volume of the inert gas 20 
is red.uced as a result of the increased mercury 
level in bulb 90, the temperature of mercury in 
bulb 24 must be increased slightly to drive all 
of the liquid mercury out of bulb 24. After all 
the liquid mercury bas been driven out of bulb 
24, conditions of superheat exist in bulb 24 rep- 
resented by leg 45 of the graph and relatively 
little increase in pressure accompanies further 
increase in heat of the vaporized mercury. This 
feature prevents excessive pressures in glass bulb 
Upon removal of flame 2, the saine high ratio 
between exposure area and the volume of mer- 
cury in bulb 24 cools the mercury vapor, so that 
heat rapidiy leaves the mercury causing it to con- 
dense again to liquid mercury. Upon conden- 
sation of the mercury, pressure of gas 20 in bulb 
0 forces the mercury level down through tube 
20, thereby breaking the contact with electrode 
25, opening switch 9. 
The construction shown is particularly adapted 
to obtaining a switch action which is relatively 
rapid, both in closing switch 9 due fo heating 
bulb 24 and opening switch 9 due fo cooling bulb 
24. Since the mass of bulb 24 and liquid mer- 
cury 20 therein is relat4vely small, vaporization 
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occurs in a relatively short thne after lighting of 
flame 2. If has been round that closing of swltch 
9 may be effected in two or three seconds follow- 
ing the lighting of iame 2. 
5 While vaporization of mercury is described 
herein as occurring in a bulb 24 af the extremity 
of tube 2, if will be obvious that no special bulb 
need be provided and that if the extremity of 
tube 20 is sealed vaporization may equally occur 
l0 in tube 20 itself. If is only necessary that the 
amount of mercury displaced due to vaporizatlon 
be equal fo the volume required fo raise the level 
of mercury in bulb 90 fo provide contact with 
electrode 25, with reasonable overtravel fo 
15 cure reliable operation. Although in the em- 
bodiment described tube .20 is shown as being 
U-shaped, if will be obvious that such a con- 
figuration is hot required and that tube 20 may 
project downwardly or horizontally from bulb 
2o | 0 since positive transfer of mercury through tube 
20 is effected in both directions. 
A parkicular feature of the construction shown 
comprises extending tube 20 fo substantially the 
longitudinal midpoint of bulb 90 and introducing 
25 mercury into the closed system .until bulb 24 and 
tube 20 are filled and the mercury extends in 
bulb 90 substantially halfway between the erd 
2| of tube 20 and the end 27- of electrode 25. 
With this arrangement, extremity 
30 is always covered by liquidmercury regardless of 
the position of switch 9 so that there is nO tend- 
ency for gas 20 fo enter capillary tube 20 and 
bulb î4 even if the switch should be inverted 
as might occur, for example, in shipment. 
35 Whfle the pressure of gas 20 at normalro0m 
temperatures may conveniently be atmosphericl 
pressure, the operating temperature of switch 9 
may be readfly adjstedby varying lhe pressure 
of gas 20 when the system is initially charged. 
4o Thus if the pressure of gas 20 is increased the 
vaporization temperature .of mercury 20 is like- 
wise increased. If will be noted that due fo the 
leveling off of pressure under superheating con- 
ditions, there is, for a particular initial.gas pres- 
45 sure, a deflnite pressure limit to which the appa- 
ratus is subjected in operation and thus danger 
of failure due fo bursting is minimized. A dis- 
advantage of increasing the pressure of gas 25 
above atmospheric pressure is that in case 
5o opening of the sealed system due to breakage, 
example, there is a tendency ïor mercury fo be 
forced out of the system. The switch is a ïail- 
sale device since opening of the switch occurs in 
the event of failure of flame 2, and when the ,bulb 
55 is broken the level of the mercur 
falls also opening the switch. In addition to the 
above-mentioned features, the invention provides 
a switching apparatus having no moving me- 
chanical parts and capable of switchlng a rela- 
60 tively large amount of electri power; futher-- 
more switching takes place in a hermetically 
sealed system, thereby eliminating open spark- 
ing. 
Attention is now directed t0 Fig. 4 in whlch 
65 there is shown a thermostatic contr01 apparaus 
in which a switching device 9, of thegeneral type 
described above and shown in Figs. 1 and 2,-is 
actuated by an electrical heating elemént 
response to opening and closing of a thermo- 
7o static switch 3.0. Switch 9, as shown in Fig. 4, 
is intended to comprise the saine elements as 
shown in Figs. 1 and 2. However, for convenience 
switch 9 is represented schematically in Fig. 4 
and it will be understood that certain of the ele- 
75 ments associated with th switch 9 are not sh0wn 



2602123 

therein. Heating element 3§ is represented as a 
helix of resistance wire wound about bulb 24 and 
suitably insulated therefrom. Electrical energY 
for heater 38 is supplied from an electrical source 
37 .of alternating current, which is impressed on 
the primary winding 38 of a transformer 39. 
The secondary winding 40 oî transformer 39 is 
connected in series relation with heater 38 and 
the contacts g of thermostat 35. Thermostat 
35, which may be any of a number of conven- 
tional thermostatic devices, is represented in 
Fig. 4 as having a bimetallic element 2, the 
bending of which, in response to temperature 
changes, causes opening and closing of contacts 
If it is assumed that contacts 4 are caused to 
close in response to heating of element 42, elec- 
trical energy is supplied to heater 38 which, in 
turn, causes heating of bulb 24 and vaporization 
of the mercury therein. It wfll be obvious that 
the switching action of switch  is similar to the 
action previously described in connection with 
the arrangement of Figs. 1 and 2. Thus in the 
apparatus of Fig. 4 a relaying action is provided 
since actuaion of contacts 4 by heating of ele- 
ment 42 causes actuation of switch . Vhile 
actuation of switch  is shown as being caused 
by action of a thermostat 3, if will be obvious 
that other devices, such as a manual switch, may 
be employed to open and close the circuit of 
heater 38. 
Vhile we bave shown and described certain 
preferred embodiments of out invention it will 
be understood that out invention may well take 
other forms and we, therefore, aim in the 
pended claims to cover all such changes and 
modifications as fall within the true spirit and 
scope of the invention. 
What we claim as new and desire to secure 
Letters Patent of the United States is: 
1. A thermal switch comprising a frame, a 
vertical bulb of insulating material secured to 
said frame, an electrode sealed in the top of said 
bulb and extending into the interior thereof, an 
electrically conductive capfllary tube sealed in 
the bottom of said bulb, the opposite end of said 
tube being sealed and of a heat conductive ma- 
terial and projecting from said bulb, a pair of 
terminals insulatingly secured to said rame and 
respectively electrically connected fo said elec- 
trode and said tube, mercury entirely fllllng said 
tube at all times and filling said bulb to a level 
between said tube and said electrode, an inert gas 
filling the remainder of said bulb, means for 
heating the heat conductive end o said tube to 
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heat the mercury therein, said mercmT being 
sponsive to heating of said sealed end above a 
predetermined temperature to vapore therein 
and cause mercury from said tube to rise in said 
5 bulb and complete an electric connection between 
said terminals, said mercury being also responsive 
to cooling of said sealed end below said prede- 
termined temperature to condense therein to 
allow the pressure of said inert gas to force mer- 
l,o cury into said tube to break the connection, said 
sealed end being formed to provide an increased 
surface for rapid transfer of heat between the 
wall o.f said tube and said mercury. 
2. 2 thermally actuated switch comprising a 
15 frame, a vertical bulb of insulating material 
secured to said frame, a pair of electrodes, one 
of said electrodes being sealed in the upper end 
of said bulb and extending into the interior there- 
of, an electrically conductive capfllary tube hav- 
20 ing the open end thereof extending into said bulb 
to substantially the midpoint thereof to serve as 
the other of said electrodes, the opposite end of 
said tube being sealed and of a heat conductive 
material and extending above said bulb, a quan- 
 2, tity of mercury entirely filling said tube and fill- 
ing said bulb to a predetermined level substan- 
tially midway between said electrodes, an inert 
gas fflling the remainder of said bulb, a pair of 
terminals secured to and insulated from said 
30 frame and respectively eiectrically connected to 
said electrode and said tube, means for heating 
the heat conductive end of said tube to heat the 
mercury therein, said mercury being responsive 
to heating of said sealed end to vaporize and 
35 thereby force the mercury from said tube to flow 
into said bulb to raise the level of said mercury 
therein above the end of said electrode and com- 
press said gas, thereby completing an electrical 
connection between said terminals, said mercury 
4{} being also responsive to cooling of said sealed end 
to condense therein and allow the pressure of 
said inert gas to force ..mercury back into said 
tube thereby breaking said connection. 
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